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650a Wednesday, February 6, 2012extract more information about the stepping mechanism from experimental
results. To account for the abundance of possible discrete-stochastic frame-
works that can arise when modeling the walk of myosin-V, a novel, gener-
alized and straightforward graphical method for calculating its dynamic
properties is presented. It allows the calculation of the velocity, dispersion
and randomness ratio for any proposed mechanism through analysis of its
structure. A method for comparing competing mechanisms against experi-
mental data is also presented. We have shown that in our theoretical frame-
work, futile cycling coupled with asymmetric gating of ADP release is
important in reproducing key results. Moreover, a loss of chemical coordina-
tion between the heads is the most likely detachment mechanism for the
protein.
3338-Pos Board B493
HOPS - Molecular Insights into Vesicle Sorting
Anne Kuhlee1, Christos Gatsogiannis1, Cornelia Broecker2,
Christian Ungermann2, Stefan Raunser1.
1MPI of Molecular Physiology, Dortmund, Germany, 2University
Osnabrueck, Osnabrueck, Germany.
For intracellular separation between metabolic and physiological entities
eukaryotic cells developed a complex compartmentalization by intracellular
membranes. To allow directed transport of cargo and membranes to their
destination organelle, they use a dynamic but highly specific vesicular
transport system. The recognition of vesicles at their target compartment is
initiated by the reversible interaction of so-called tethering complexes and
Rab-GTPases (e.g. Ypt7) prior to SNARE-mediated membrane fusion.
Although structural data on coiled-coil and Rab-independent tethers exist,
molecular insight into the structure of a Rab-binding multisubunit tethering
complexes (MTCs), like the endosomal CORVET and the vacuolar HOPS
complex, has been lacking to date. Here we analyzed the HOPS complex
structure using transmission electron microscopy (TEM) combined with
single particle analysis. We show that the heterohexameric HOPS is highly
flexible forming a seahorse-like structure. Surprisingly, the two Rab-binding
proteins Vps39 and Vps41 are at opposite ends, implicating that HOPS
bridges Ypt7-positive membranes. We also specified the parts of the SNARE
complex that bind to the Vps33 subunit, which is proximal to the Rab-
binding site Vps41. This suggests that HOPS coordinates Rab-mediated
tethering with SNARE-driven fusion. Taken together our data demonstrate
that the conserved vacuolar/lysosomal HOPS tethering complex combines
different activities; the vesicle recognition by Rab-binding, bridging of
vesicular and target membrane and the activation of SNARE mediated
fusion.
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The technical advances of single particle tracking (SPT) have come with an in-
creasing demand for such techniques to follow single biomolecules as they ac-
complish their function in living cells. From the single particle trajectory,
quantitative mechanistic information can be obtained that are unattainable in
classical ensemble methods. Traditionally, SPT is performed in two dimensions
(2D) for technical simplicity. However, life occurs in three dimensions (3D)
and different methods have been recently developed to track particles in 3D.
Now, is the third dimension worth the effort? Here, we tracked fluorescent
nanoparticles in living cells using a home-made orbital tracking microscope
capable of tracking particles in 3D in real-time with a high spatial resolution1.
The nanoparticles were tracked in two different cell types having different 3D
aspect ratios: 3D Dictyostelium discoideum and quasi-2D HuH-7 human cells.
To be compared, the 3D trajectories and their 2D projections were analyzed
with a time-resolved algorithm2 based on a local mean square displacement
(MSD) analysis. The distributions and characteristics of the active and passive
phases were calculated in both cases. Here, we show that intra-cellular diffu-
sion is not purely isotropic and that 2D trajectories cannot be simply scaled
up to 3D. The estimation of the diffusion coefficient was more strongly biased
in the HuH-7 cells whereas the active transport analysis in these quasi-2D cellswas only barely affected by the projection. Inversely, a third of the active
phases in the roundish amoeba were wrongly assigned to passive phases in
the 2D analysis revealing the quasi isotropic organization of the cell’s cytoskel-
eton. Hence, for an accurate determination of the diffusion coefficient and
characterization of the different dynamic phases, 3D tracking and analysis
are required.
1Dupont et al. Nanoscale (2011)
2Arcizet et al. PRL (2008)
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Intracellular transport of cargo particles is performed by multiple motors work-
ing in concert. Although vesicular cargos appear to have a fixed and small
number of motor teams, soluble proteins have been demonstrated to transiently
self-assemble into small complexes that can be transported by microtubule
motors in the process of slow axonal transport. To investigate the motility of
self-assembled cargos in crowded environments, we performed in vitro motility
reconstitution experiments with high-resolution particle tracking. Motility is
reconstituted by allowing quantum dot cargos to associate to motors on cyto-
skeletal filaments during the transport process, using kinesin motors and micro-
tubules as a model system. Although the other motors on the filament act as
traffic to hinder forward motion, this pool of bound motors also enables the
run length and attachment time of the cargo to increase, enhancing overall
cargo transport. High motor density on the filaments and the self-assembled
cargo results in reduced velocity, increased pausing, and short reversals of
the cargo. These results suggest that cellular self-assembled cargos may over-
come traffic jams and obstacles through transient and weak associations of
multiple motors.
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Correct positioning of the centrosome is critical for the survival of the cell. For
small and medium-sized cells, the force required to move the centrosome can
arise from either microtubule pushing on the cortex, or cortically attached dy-
nein pulling on microtubules. However, in large cells, such as the fertilized
Xenopus laevis embryo, where microtubules are too long or they do not reach
all boundaries before centrosome centering begins, a different force-generating
mechanism must exist. Here, we present a centrosome positioning model in
which the cytosolic drag experienced by cargos hauled by cytoplasmic dynein
on the sperm aster microtubules can move the centrosome towards the cell’s
center. As opposed to previously published studies, that conclude that large,
slow or stationary, cargoes are required to move the centrosome, we find that
small, fast moving cargos (diameter 100nm, cargo velocity 2mm/s) are suffi-
cient to move the centrosome in Xenopus laevis within the experimentally ob-
served length and time scales.
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Organelle motility via molecular motors plays an important role in eukaryotic
cell functioning. In the model plant, Physcomitrella patens, reorganization of
the chloroplasts to adapt to changes in light intensity and quality is driven by
the actin or microtubule (MT) cytoskeleton. In this work, we investigate the
motility of chloroplasts, in the absence of the actin cytoskeleton. To character-
ize this motility, we analyze the mean squared displacement (MSD) of chloro-
plasts in moss cells at steady state and constant illumination, and show that they
are actively transported via the MT cytoskeleton. Our results show that while
the apparent diffusion coefficient is dependent on the intensity of blue light,
the super-diffusive nature of the movement determined by the MSD exponents
is not. In order to develop a mechanistic understanding of this process, we de-
veloped a coarse-grained model of chloroplast motility. The model incorpo-
rates various MT network topologies, consistent with experimental data, and
uses point like cargo to mimic chloroplasts. Our simulations show a strong
Wednesday, February 6, 2012 651adependence of MSD exponents to the MT network topology, while the apparent
diffusion coefficient is mainly influenced by the MT density and the presence of
passive cross-linkers.
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Insulin-stimulated GLUT4 redistribution to the plasma membrane (PM) plays
essential roles in glucose homeostasis in mammals. Besides GLUT4 storage
vesicles (GSVs) being released by Rab10 activation, endosomal GLUT4 com-
partments located at the cell periphery are also suggested to contribute to
insulin-stimulated GLUT4 accumulation at the PM. Peripheral endosomal
GLUT4 compartments are well suited to be studies with total internal reflection
fluorescence (TIRF) microscopy. However, visualizing these GLUT4-positive
structures after insulin is hindered by the fact that a large amount of GLUT4 is
present on the PM after insulin stimulation, obscuring all intracellular GLUT4
compartments.
In this study, a new GLUT4 probe, GLUT4-exoGFP, is developed. In combi-
nation with Bromophenol Blue (BPB), GLUT4-exoGFP can be used to specif-
ically visualize intracellular GLUT4 compartments, without interference from
GLUT4 at the PM. Employing this probe we studied the mobilization of
GLUT4 from peripheral GLUT4 compartments. Our results indicate that
Rab4A-positive endosomes serve as an important reservoir of GLUT4 mole-
cules that are delivered to the PM after insulin stimulation.
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Pancreatic beta-cells secrete insulin in response to elevated blood glucose.
After synthesis, insulin granules are transported initially by kinesin-I, then
transferred to MyoVa within the actin cortex. Granule trafficking models
propose that MyoVa tethers granules within the actin cortex, which acts as
a secretion barrier. Upon glucose stimulation, actin cytoskeletal reorganiza-
tion allows granule diffusion or transport by MyoVa to the plasma membrane.
To determine how MyoVa and actin contribute to granule trafficking, we
tracked eGFP-labeled granules in INS-1 cells (resolution: 23nm/50ms), ana-
lyzing their movement by mean square displacement. At rest, granules display
3 modes of motion: paused, diffusive, and directed. Glucose stimulation in-
creases the percentage of granules undergoing MyoVa and/or kinesin-
directed motion with little change in the dynamic movements of peripheral
actin cytostructures. However, Jasplakinolide treatment, which changes ac-
tin’s depolymerization rate, inhibits actin cytostructural dynamics and reduces
the percentage of granules with directed movement. Therefore, a dynamic ac-
tin cytoskeleton is required for efficient granule transport. By introducing
Qdot-labeled MyoVa into cells, we will track granules and the steps of asso-
ciated MyoVa to distinguish between MyoVa’s proposed roles as granule
transporter or tether.
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Cationic lipid-nucleic acid complexes are used in vitro [1] and also in clinical
trials for both gene delivery and gene silencing [2]. Steric stabilization of
cationic lipid-DNA (CL-DNA) complexes is required for their use in vivo,
but PEGylation (PEG; polyethylene glycol) of CL-DNA complexes reduces
their efficacy as gene delivery vectors in vitro [3]. To improve the uptake
as well as allow for active targeting of PEGylated CL-DNA complexes, we
developed CL-DNA complexes with an RGD motif present at the distal end
of PEG for use in vivo and studied their efficacy and mechanism of entry
in vitro. RGD-tagged CL-DNA complexes showed superior uptake but low
gene expression, suggesting that endosomal escape was a major barrier to
transfection.
In order to understand the fate of intra-endosomal CL-DNA complexes, we
used GFP constructs of a class of membrane bound GTPases called Rabswhich control budding, trafficking and fusion of vesicles along the endocytic
pathway [4]. GFP labeling of Rabs allows for detection of the spatiotemporal
state of endocytosed CL-DNA complexes by directly labeling endosomes.
We will present quantitative analysis using GFP-Rab5 (an early endosome
marker) which shows CL-DNA complexes colocalizing with early endo-
somes suggesting that macropinocytosis or clathrin mediated endocytosis
as the route of entry. Cells expressing GFP-Rab5-Q79L (a mutant which
slows early endosome maturation) showed enlarged endosomes containing
multiple CL-DNA complexes. A thorough understanding of the intracellular
fate of CL-DNA complexes will allow for optimization of gene delivery
vectors.
Supported by NIH-GM59288 and and NSF DMR-1101900.
[1] Ewert, K.K. et al.; Topics Current Chemistry, 2010, 296, 191-226
[2] www.wiley.com/legacy/wileychi/genmed/clinical
[3] Chan, C.L.; Majzoub, R. N. et al.; Biomaterials 2012, 33, 4928-4935
[4] Zerial, M., McBride, H.; Nat. Rev. Mol. Cell Biol., 2001, 2(2), 107-117
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Lysosomes are the major degradative compartments of eukaryotic cells and
their mobility plays an essential role in intracellular trafficking of the de-
graded cargo. There has been a growing interest in understanding the role
of lysosomal membrane proteins in intracellular trafficking. The lysosome-
associated membrane proteins LAMP1 and LAMP2 are key lysosomal mem-
brane proteins. They have a large luminal domain and an 11 amino acid long
cytosolic domain. Heavy glycosylation of LAMP1 and LAMP2 protects the
proteins and the lysosomal membrane from degradation by proteases and
lipases, respectively. Previous work has suggested that LAMP1 and
LAMP2 may also play a role in lysosomal transport. We report the use of
live cell fluorescence microscopy and single particle tracking to study the mo-
bility of lysosomes following degradation of LAMP1 and LAMP2. LAMP1
and LAMP2 were degraded using endoglycosidase H (Endo H), a glycosidase
which cleaves the glycans on the luminal domain of LAMPs. Fluorescence
microscopy revealed that Endo H treatment caused the lysosomes to become
enlarged and cluster in the perinuclear region. Particle tracking revealed that
although both enlarged and punctate lysosomes had similar speeds, the mobil-
ity of the enlarged lysosomes was significantly lower than that of punctate
lysosomes. Control experiments with sucrose-swollen vesicles show that
the increase in size of the lysosomes is not responsible for the change in
the mobility. Collectively, our results suggest that degradation of luminal do-
mains of LAMPs inhibits the mobility of lysosomes. We believe that LAMPs
may have a role in the interaction of dynein and kinesin motor proteins with
lysosomes. Further work is underway to better understand the interaction of
LAMPs with motor proteins and microtubules in regulating the mobility of
lysosomes.
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Following endocytosis, cargo in early endosomes travels tens of microns on an
array of actin filaments and microtubules (MTs) to reach lysosomes in the
perinuclear region for degradation. To understand how early endosomes
coordinate multiple types of actin- and MT-based motors to achieve this
long-distance transport, we studied their motions by live-cell imaging. Low-
angle oblique, simultaneous multicolor acquisition microscopy allowed us to
follow an endosomal cargo, endocytosed epidermal growth factor attached
to quantum dots (EGF-Qdots), in epithelial cells relative to other cellular
markers with high temporal (50ms) and spatial (20nm) resolution. We
developed objective criteria to parse these complex trajectories into different
types of motions. The motion of the majority of EGF-Qdots is classified as
partially confined by mean-squared displacement (MSD) analysis. Treatment
of cells with drugs that depolymerize (latrunculin B) or stabilize (jasplakino-
lide) actin revealed that the actin network induces this confinement. Net
transport to the perinuclear region is achieved through bursts of rapid (up to
4mm/s) motion on MTs requiring dynein/dynactin. This directed motion is
punctuated by pauses which are diffusive over 2.25s periods. However,
immediately after directed motion, the diffusive motion is preferentially
